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Memories – especially those containing fine details – are usually lost over time, but 
the present study assessed whether detailed visual memories can survive a one-week 
delay if retrieval practice is provided. In three experiments, participants viewed 300 
objects and then completed recognition tests assessing memory for precise object 
exemplars and their state. The recognition tests occurred immediately after encoding 
and one week later, and required participants to distinguish between a previously seen 
target object and an incorrect foil. Whilst there was forgetting when participants were 
tested on different sets of stimuli across the delay, retrieval practice led to an 
advantage in recognition performance. This effect was not simply due to mere 
exposure, as retrieval practice boosted recognition beyond a restudy condition, which 
had a second encoding opportunity but no retrieval practice. Yet more detailed 
analyses revealed that the effect of retrieval practice was highly dependent upon the 
type of information being tested (exemplar or state) and the specific foil that was 
presented. In addition, state information was harder to retain over the delay than 
exemplar information, suggesting that memory for different properties is forgotten at 
different rates.  
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Memories seem to be forgotten over time. This form of forgetting was empirically 
demonstrated in the pioneering work of Ebbinghaus (1885) and Schachter (1999, 
2001) classed it as one of the seven core “sins” of memory. The decreasing 
accessibility of memory has been observed over both short (e.g. Peterson & Peterson, 
1959) and long (e.g. Wixted & Ebbesen, 1991) intervals, it affects the retention of 
emotionally salient events (e.g. Talarico & Rubin, 2003) and it has been described as 
“the culprit in many memory problems” (Schachter, 2001, p. 4).  
Explaining the temporal loss of memory is an important priority for cognitive 
psychologists and there are several theoretical processes that can account for this 
phenomenon. Common explanations include decay (e.g. Hardt, Nader, & Nadel, 
2013), in which a memory gradually deteriorates over time if not used, interference 
(e.g. Wixted, 2005), in which the memory is distorted or replaced by other 
information, and context shifts, where changes to the original encoding environment 
at retrieval may render a memory inaccessible (see Unsworth, Spillers, & Brewer, 
2012). Importantly, however, information may disappear from memory at different 
rates. Fuzzy-trace theory predicts a faster loss of the surface features of experienced 
objects (verbatim traces) in comparison to less precise gist-based traces (Brainerd & 
Reyna, 2002). Similarly, the trace transformation hypothesis of systems consolidation 
proposes that memories are transformed from a detailed and context-specific 
representation to a schematised version (Winocur & Moscovitch, 2011). The 
schematised memory lacks specific details but captures the gist of the original event, 
and memory transformation is thought to occur over time and through experience 
(Winocur, Moscovitch, & Bontempi, 2010). Both fuzzy-trace theory and the trace 
transformation hypothesis allow central information or ‘gist’ to survive the passage of 
time, but finer details are expected to be more rapidly forgotten.  
FORGETTING OF DETAILED VISUAL MEMORY 5 
 
Nonetheless, finely resolved information can persist for some hours, as 
demonstrated in Brady, Konkle, Alvarez, and Oliva’s (2008) study of detailed visual 
long-term memory (VLTM). Their participants had to view and remember 2,896 
pictures of real world stimuli (including 396 repeated images). Each picture showed a 
single object that was displayed for just 3 s, but the total presentation lasted 5.5 hours. 
The second phase of the study involved a two-alternative forced-choice (2AFC) 
recognition test but, crucially, the similarity of the target and foil was manipulated. 
On novel trials the target and foil were drawn from two distinct categories, permitting 
the use of low-fidelity representations. Correct responding averaged 92.5%. On 
exemplar trials, however, the discrimination was more difficult. Here target and foil 
pictures were drawn from the same category (e.g. two mirrors), but on average 
participants were correct on 87.6% of the trials. On state trials, the target and foil 
images both showed the same object, but in a different position or arrangement (e.g. 
an identical cabinet, but with the doors open or closed). Accurate recognition on state 
trials required a highly vivid memory, yet participants still performed at a high level 
(mean correct responses equalled 87.2%). 
Brady et al.’s (2008) results show that high-fidelity visual representations can 
persist for hours, but detailed VLTM has been shown to decline over longer periods 
of time (e.g. Brady, Konkle, Alvarez, & Oliva, 2013; Hollingworth, 2005). Indeed, 
Andermane and Bowers (2015) reported equivalent loss of both detailed and gist-
based VLTM over one week, contrary to fuzzy-trace and trace transformation 
theories. Their participants viewed 1,500 images and memory for some of these 
objects was assessed after a 10-minute or seven-day delay. In a 2AFC recognition 
task, and following Brady et al. (2008), detailed memory was tested by examining 
recognition for specific exemplars and object states, and broader gist-level 
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information was assessed on novel trials. All three types of information were 
forgotten at a similar rate over seven days, with accuracy dropping by approximately 
20%. Additionally, Brady et al. (2013) recorded roughly equivalent forgetting rates of 
state and exemplar information over three days, with recognition accuracy declining 
by 9.3% on state trials and 12.1% on exemplar trials.   
Whilst time-dependent forgetting in VLTM has been clearly documented, there 
is debate over whether memories are permanently forgotten or just inaccessible at 
retrieval (see Squire, 2006, for a discussion). In support of the latter possibility, 
Guerin, Robbins, Gilmore, and Schachter (2012) showed that the loss of finely 
resolved representations is not inevitable. Guerin et al. had participants study 144 
objects that were followed by a recognition test. In one of the recognition conditions, 
there was a foil related to a previously studied target, but the target itself was not 
present. Here participants were likely to incorrectly select the foil item that related to 
the previously studied target, which is known as gist-based false recognition. This 
mistake occurs when a stimulus similar to one experienced in the past is mistakenly 
recognised as being identical to the previously encountered item. Yet in another 
condition, both the target and a similar foil were present and here participants were 
often able to select the correct object – indeed, there was a 67% drop in gist-based 
false recognition. This suggests that the details needed to distinguish similar items are 
still retained and can be reinstated in certain circumstances.  
Guerin et al.’s (2012) work also highlighted the important role that retrieval 
processes play in the subsequent accessibility of memory. Similarly, studies of the 
testing effect have consistently found that retrieval attempts boost future remembering 
(Karpicke, 2012; Karpicke & Roediger, 2008; Roediger & Butler, 2011). Whilst the 
testing effect has typically been reported with verbal materials using recall tasks 
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(Rowland, 2014), it has been found with abstract visual stimuli (e.g. Kang, 2010) and 
detailed episodic memories (Sekeres et al., 2016) too. Sekeres et al.’s participants 
viewed short film clips and had to recall both central and peripheral details following 
a delay. Peripheral information was lost more quickly than central detail, in line with 
fuzzy-trace theory and the trace transformation hypothesis, but retrieving the clips 
after encoding preserved both peripheral and central details across a seven-day 
interval. 
 The findings reviewed above suggest that detailed memories may be capable 
of surviving the passage of time if retrieval practice is provided, and the present study 
aimed to provide a strong test of this idea by investigating the retention of exemplar 
and state information over a week. Memory for these properties does not rely on gist 
(Brady et al., 2008) and is susceptible to time-dependent forgetting (Andermane & 
Bowers, 2015), hence there would be important theoretical implications if an initial 
retrieval attempt (without feedback) preserved such detailed memory.  
 Exploring memory for state and exemplar information also allowed the nature 
of visual representations to be investigated. It is possible that items in VLTM are held 
as bound units or individual objects (see Brady et al., 2013, for an overview of this 
account). If so, all components of a visual memory should collapse at the same rate, 
and as already discussed some evidence is consistent with this view (e.g. Andermane 
& Bowers, 2015). Other theorists have argued against an “all-or-nothing” approach to 
forgetting and proposed that the various components of a memory may be lost at 
different rates (e.g. Sekeres et al., 2016). In VLTM, this view rejects the notion of 
bound representations and allows particular elements of a representation (e.g. colour 
or orientation) to be lost independently. Brady et al. (2013) tested this account by 
asking participants to remember 120 object images and then complete a surprise 
FORGETTING OF DETAILED VISUAL MEMORY 8 
 
recognition test either immediately after the object viewing (short delay) or following 
a three-day interval. The recognition test involved a four-alternative forced-choice 
procedure, where two exemplars were shown in two states. Participants had to select 
the specific image they had seen before, but Brady et al. were interested in the 
dependence between state and exemplar information (i.e. the extent to which correct 
identification of the exemplar would also lead to correct identification of its state).  
Data were assessed using a dependence score that corrected for guessing, with 
100% denoting complete dependence (e.g. if exemplar detail was remembered, state 
detail would also always be remembered) and 0% denoting complete independence 
(e.g. remembering exemplar detail would confer no benefit on remembering state 
information). Following an immediate delay, dependence scores were 46.6% for state 
dependence on exemplar information, and 27.4% for exemplar dependence on state 
information. Three days later, these two dependence scores had decreased to 13.4% 
and 7.6%, respectively, indicating increased independence of the two properties over 
time. Brady et al. argued that state and exemplar information are forgotten 
independently as time passes. For instance, participants may have remembered that a 
glass of orange was half empty (state information), but did not recall the specific glass 
(exemplar information), or they may have remembered a specific breakfast cereal 
container (exemplar information), but forgot that the container was open, rather than 
closed (state information). Aside from challenging the notion of bound visual 
representations, Brady et al.’s results highlight that forgetting can affect specific 
properties of a memory.  
  Existing explanations of time-based forgetting, such as fuzzy-trace theory and 
the trace transformation hypothesis, or models relying on decay, interference and 
context shifts, do not necessarily anticipate specific components of detailed 
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representations (e.g. the precise exemplar and its state) to be lost in different ways. 
The evidence concerning this possibility is mixed and relatively little work has 
addressed forgetting of state- and exemplar- information over prolonged delays. 
Consequently, the present experiment aimed to both chart the loss of state and 
exemplar information over seven days and assess whether these two types of VLTM 
responded differently to an initial retrieval attempt.   
In Experiment 1, 300 images were presented to participants and followed by an 
immediate 2AFC recognition test that assessed exemplar and state memory. The 
second recognition test occurred one week later. Importantly, some participants were 
tested on the same stimuli during both phases, providing retrieval practice, whereas 
other participants were tested on different sets of stimuli (this served as a control or 
baseline condition). Most theories of time-based forgetting predict a loss in accuracy 
over one week, particularly given the number of stimuli involved and the fine details 
needed to perform the recognition task. However, inspired by the testing effect and 
other relevant findings (e.g. Sekeres et al., 2016), a preliminary retrieval attempt was 
expected to preserve the detailed information needed to distinguish the target from the 
foil, making this representation more accessible in the future. Whether retrieval 
practice would differentially affect exemplar and state memory was unclear, but 
Brady et al.’s (2013) notion of independent forgetting would be supported if state and 
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One hundred and sixty (134 females and 26 males) first-year undergraduate 
psychology students from the University of Wolverhampton completed both phases of 
the experiment. Participants were aged between 18 and 58 (M = 21.49, SD = 6.71) 
and did the experiment as part of an introductory research methods session. By 
recruiting participants through a psychology course, it was possible to obtain a much 
larger sample than has been used in studies of a similar nature (e.g. Andermane & 
Bowers, 2015; Brady et al., 2008), hence reducing concerns about low statistical 
power. An additional 44 participants completed phase 1 only and were removed from 
the analysis. All individuals gave written informed consent before beginning the 




Three hundred images were used during the picture presentation, including 285 
pictures of real world objects and animals (64 targets and 221 fillers). The fillers 
comprised images randomly selected from databases provided by Brady et al. (2008, 
2013, see http://konklab.fas.harvard.edu/#). Effort was taken to ensure that real world 
objects were sufficiently different from one another and images were categorically 
distinct. Additionally, 15 artificial, computer-generated images were randomly chosen 
from McKeown, Holt, Delvenne, Smith, and Griffiths’ (2014) stimulus set.  
For the recognition test, each target was presented alongside a foil (see Figure 
1). There were 32 exemplar pairs and 32 state pairs, randomly selected from Brady et 
al.’s (2008) database. On exemplar trials, the foil was drawn from the same category 
as the target picture, but was a different item (e.g. two TV remotes). On state trials, 
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the foil was the same item as the target, but presented in a different position or 
arrangement (e.g. a clipboard with and without a pen). One object was labelled “M” 
and the other was labelled “Z”, with the target and foil being presented in each 
position an equal number of times. Lastly, 16 of the state and exemplar recognition 
trials were randomly allocated into one stimulus set (Set A), with the remaining trials 
forming another block (Set B).  
 
“Figure 1 about here” 
 
Design and Procedure 
 
 The study employed a 2 (phase: 1 vs. 2) x 2 (trial type: state vs. exemplar) x 2 
(condition: retrieval practice vs. baseline) mixed design. Both phases of the 
experiment were carried out in a large classroom under exam conditions with four 
separate groups. Responses were collected on paper. Prior to the initial picture 
presentation, participants were seated in rows facing a large screen and were told to 
try and remember as many images as possible. They were not told about the need to 
retain state- or exemplar-level detail but they were asked to tally the number of 
computer-generated items that were displayed. This was intended to help participants 
maintain concentration and attend to the images. During the presentation, each image 
was shown in the centre of the screen for 3 s and followed by a 1 s blank interval.  
The first recognition test occurred immediately after the presentation. The 
arrangements of the recognition task and the required responses were explained to 
participants. They were told that the target and foil could be very similar, but again 
the state- and exemplar-level difference was not explicitly outlined. Trials were 
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shown for 5 s and succeeded by a 3 s unfilled interval. Participants had to select the 
image they had seen before. Exactly seven days later, participants returned to the 
laboratory and completed the second phase of the study, which consisted of the 
recognition test only. Importantly, some participants repeated the phase 1 recognition 
test (retrieval practice condition), whereas other participants were given a new set of 
recognition trials (baseline condition). The combination of stimulus sets was balanced 
across the four groups (i.e. the retrieval practice condition experienced either Set A 
twice, or Set B twice, whereas the baseline condition experienced Set A followed by 




Participants were excluded if six or more responses were missing during either 
recognition test. This affected two individuals, so the final sample included 158 
participants (retrieval practice: N = 78; baseline: N = 80). Other missing responses 
were treated as incorrect, but these were rare and only affected four individuals.  
The mean proportion of correct responses is shown in Figure 2 for all 
conditions. A three-way mixed ANOVA was used to assess these data, with trial type 
(state vs. exemplar) and phase (1 vs. 2) as within-subject factors, and condition 
(retrieval practice vs. baseline) as the between-groups factor
1
. Significant interactions 
were followed up with simple effects analysis and independent-groups t-tests, all 
corrected using the Holm-Šidàk technique.  
All main effects were significant. Performance at phase 1 (M = .79) exceeded 
that at phase 2 (M = .68), F(1, 156) = 173.20, MSE = .01, p < .001, ηp
2
 = .53, 
participants were slightly more accurate on state (M = .75) than exemplar (M = .72) 
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trials, F(1, 156) = 10.70, MSE = .01, p = .001, ηp
2
 = .06, and performance was better 
in the retrieval practice (M = .75), than baseline (M = .71) condition, F(1, 156) = 6.20, 
MSE = .04, p = .014, ηp
2
 = .04. 
The phase by trial type interaction was non-significant, F(1, 156) = .25, MSE = 
.01, p = .615, ηp
2
 < .01, but all other interactions were reliable, including the 
theoretically relevant interaction between phase and condition. During phase 1, there 
was no significant difference between the retrieval practice and baseline conditions 
(retrieval practice: M = .78; baseline: M = .80, t[156] = -.78, p = .436, d = -.17), 
whereas during phase 2 performance was higher in the retrieval practice group 
(retrieval practice: M = .72; baseline: M = .63, t[156] = 5.47, p < .001, d = .82).  
The other significant interactions were subsumed by a higher order three-way 
interaction, F(1, 156) = 15.91, MSE = .01, p < .001, ηp
2
 = .09, which was explored  
with separate 2 (phase: 1 vs. 2) x 2 (condition: retrieval practice vs. baseline) mixed 
ANOVAs for state and exemplar trials. The analysis for state information showed a 
significant main effect of phase only, F(1, 156) = 89.13, MSE = .01, p < .001, ηp
2
 = 
.36, with accuracy declining from 80.2% in phase 1 to 69.3% in phase 2, on average. 
The analysis on exemplar trials also showed a significant effect of phase, F(1, 156) = 
95.42, MSE = .01, p < .001, ηp
2
 = .38, with a decline from phase 1 (M = .78) to 2 (M = 
.66), and a significant effect of condition, F(1, 156) = 11.48, MSE = .03, p = .002, ηp
2
 
= .07. Performance was better in the retrieval practice (M = .75) than baseline (M = 
.69) condition, and the interaction was also significant, F(1, 156) = 54.41, MSE = .01, 
p < .001, ηp
2
 = .26. This was followed up with independent t-tests, which as expected 
showed no difference between conditions at phase 1, t(156) = -1.01, p = .314, d = -
.21. However, during phase 2 participants were significantly more accurate if they had 
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experienced retrieval practice (M = .74), rather than being tested on a new set of 
exemplar trials, (M = .58), t(156) = 6.97, p < .001, d = 1.14. 
 
“Figure 2 about here” 
 
The final analysis more directly explored the forgetting rate. To calculate 
forgetting, scores at phase 2 were subtracted from those at phase 1 for state and 
exemplar trials. A 2 (trial type: state vs. exemplar) x 2 (condition: retrieval practice 
vs. baseline) mixed ANOVA showed that accuracy declined more in the baseline (M 
= .17) than retrieval practice (M = .06) condition, F(1, 156) = 43.02, MSE = .02, p < 
.001, ηp
2
 = .22, but there was no main effect of trial type, F(1, 156) = .25, MSE = .02, 
p >.250, ηp
2
 = .00. However, there was a significant interaction, F(1, 156) = 15.91, 
MSE = .02, p < .001, ηp
2
 = .09. For the retrieval practice condition, state trials (M = 
.08) showed a greater decline in accuracy over the delay than exemplar trials (M = 
.03), t(77) = 2.61, p = .011, d = .31. In the baseline condition the pattern was reversed, 
with exemplar information being forgotten more rapidly (M = .20) than state detail (M 




An initial retrieval attempt protected detailed VLTM from time-based forgetting over 
one week, but this effect was mainly driven by memory for object exemplars. The 
loss of exemplar detail over the delay decreased from approximately 20% in the 
baseline condition (replicating Andermane & Bowers, 2015) to just 3% in the 
retrieval practice condition. State information was forgotten at a similar rate 
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regardless of retrieval practice, suggesting an important difference in the way state 
and exemplar information is retained over time. However, the latter finding should be 
treated with some caution. Whilst state information was susceptible to time-dependent 
forgetting in both the retrieval practice and baseline groups, there was a trend towards 
better performance following retrieval practice at phase 2.  
In addition, performance in the retrieval practice condition may have been 
influenced by the placement of the target and foil, as they were presented in the same 
location in both recognition tests. The survival of exemplar information over the delay 
may therefore have been influenced by the target placement and associated spatial 
memories, at least to some degree. Another influential variable concerned the foil. 
During phase 1 participants in the retrieval practice group may have formed a detailed 
memory of the wrong object. In the subsequent recognition test, participants may 
have struggled to differentiate the target from the foil, at least on state trials. 





Experiment 2 matched some of the arrangements of Experiment 1, but here all 
participants were given retrieval practice. The intention was to replicate some of the 
findings emerging from the first study, whilst addressing some of the problems and 
alternative explanations of the retrieval practice effect. Firstly, to control for 
responding based on object placement rather than identity, half of the target and foils 
switched position during the phase 2 recognition test. Secondly, to assess the impact 
of foil interference, three different foil types were developed. 
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 On “old” trials, identical target and foils were provided during both phases, 
replicating Experiment 1. Following the results of that experiment, accuracy on old 
state trials was expected to decline over the interval, whereas exemplar information 
was predicted to be relatively robust and resistant to temporal forgetting. Yet these 
old trials may be particularly susceptible to foil interference, which may lessen the 
advantage of retrieval practice (and particularly when the placement of the target 
varies across phases). To examine the impact of foil interference, “new” recognition 
trials were created. Here, two different foils were used during phase 1 and 2, and if 
performance is affected by interference from memory for an old foil, accuracy on new 
trials should show a reduced decline over the interval.  
The final foil type created a “switch” in the information being tested. On 
exemplar switch trials, a phase 1 exemplar trial would be converted to a state trial 
during phase 2, and vice versa on state switch trials. At one level, switch trials acted 
in a similar way to new trials and assessed whether forgetting over time could be 
reduced when foil interference was eliminated. At a deeper theoretical level, switch 
trials aimed to determine whether retrieval practice for one type of information (state 
or exemplar) could preserve other information over a prolonged delay. For instance, if 
exemplar information can survive following retrieval practice, converting a state trial 
into an exemplar trial should allow accuracy to persist at a high level. Yet if state 
information is inevitably lost over time, converting an exemplar trial into a state trial 
should offer no protection against time-dependent forgetting. Alternatively, it is 
possible that the benefits of retrieving exemplar information during phase 1 can 
generalise and preserve some information about the object state, allowing state 
information to be retained and reinstated in future.   
 






One hundred and thirty-one first-year undergraduate psychology students (115 
females and 16 males) from the University of Wolverhampton completed both phases 
of the experiment and submitted valid responses. Participants were aged between 17 
and 53 (M = 23.40, SD = 7.47) and completed the experiment during an introductory 
research methods session. None of the participants had taken part in Experiment 1. 
Thirty-three participants completed phase 1 only and were removed from the analysis. 
Two additional participants withdrew their data and another three did not provide the 
code that allowed responses in the two phases to be linked. All individuals gave 
written informed consent before beginning the experiment and the study protocol was 




A total of 300 categorically distinct and unique images (72 targets, 212 fillers and 16 
artificial stimuli) were used in the picture presentation, with fillers again being 
selected from Brady et al. (2008, 2013) and artificial stimuli being selected from 
McKeown et al. (2014). For the recognition task, each condition included 12 trials. 
Twelve state and 12 exemplar trials were randomly selected from those used in 
Experiment 1 to make the “old” trials. To create the “new” recognition trials for 
exemplar stimuli, pictures were randomly selected from Konkle, Brady, Alvarez, and 
Oliva’s (2010) database. Twelve categories were selected for use here, with three 
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images (one target and two foils) being chosen for the recognition test. For the “new” 
state trials, the Bank of Standardized Stimuli (BOSS) was used (Brodeur, Dionne-
Dostie, Montreuil, & Lepage, 2010). The database was searched for images that had 
at least three photos of the same object, but in different arrangements or positions. 
This created nine suitable trials. The remaining three trials were established by 
selecting images of the same object in three states using online searches. Lastly, 
Brady et al.’s (2013) database helped develop the “switch” trials. This database 
contains four items (two exemplars in two states) for 100 objects. Stimuli were 
randomly selected to form the switch trials used here. See Figure 3 for examples. 
Other arrangements matched Experiment 1, except the target and foil swapped 
position on half of the recognition trials in phase 2.    
 
“Figure 3 about here” 
 
Design and Procedure 
 
 The study employed a 2 (phase: 1 vs. 2) x 2 (trial type: state vs. exemplar) x 3 (foil 
type: old vs. new vs. switch) repeated measures design. The procedure matched that 
used in Experiment 1, but given the fully within design there was no need to place 




As in Experiment 1, missing responses were treated as incorrect but only three 
participants omitted a response and none had more than one missing answer. Mean 
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proportion of correct responses is shown in Figure 4 for all conditions. The data were 
explored using ANOVA, with Šidàk post-hoc tests being used to follow up the main 
effect of recognition trial type. Violations to sphericity were corrected using the 
Greenhouse-Geisser adjustment and specific comparisons needed to interpret 
interactions were achieved using Holm-Šidàk corrected t-tests. 
A two-way repeated measures ANOVA was performed, with phase and trial 
type (exemplar old vs. exemplar new vs. exemplar switch vs. state old vs. state new 
vs. state switch) as factors. Exemplar and state trials were collapsed into a single 
variable in this analysis because of the switch condition (as this condition involved 
both exemplar and state information, it was difficult to separate state/exemplar 
variables in the model). However, subsequent analyses allowed more specific 
comparisons to be made. 
This ANOVA found both main effects and the interaction to be significant. 
Accuracy modestly declined from 82.5% in phase 1 to 80.1% in phase 2, F(1, 130) = 
17.44, MSE = .01, p < .001, ηp
2
 = .12, and differences were found between the six trial 
types, F(5, 650) = 83.76, MSE = .01, p < .001, ηp
2
 = .39. Performance on exemplar 
new (M = .90) and exemplar switch (M = .89) trials was notably higher than all other 
trial types (p < .001), whereas poorest performance was recorded on state trials with a 
new foil (M = .74). Indeed, accuracy on these trials was reliably worse than all other 
trial types (p < .001), with the exception of exemplar trials with an old foil (M = .76, p 
= .840). Performance on these exemplar old trials was significantly lower than state 
switch (p = .042) and marginally lower than state old trials (p = .062), whereas the 
latter two conditions did not differ.  
The significant phase x trial type interaction, F(5, 650) = 20.30, MSE = .01, p 
< .001, ηp
2
 = .14, suggested differences in the forgetting rate according to the type of 
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information being tested (state or exemplar) and the nature of the foil. To better 
understand the interaction, 2 (phase: 1 vs. 2) x 2 (trial type: state vs. exemplar) 
ANOVAs were performed separately for the three foil types.  
For new foils, there was no effect of phase, F(1, 130) = .83, MSE = .01, p = 
.363, ηp
2
 = .01, but accuracy on exemplar trials (M = .90) was noticeably higher than 
state trials (M = .74), F(1, 130) = 252.70, MSE = .01, p < .001, ηp
2
 = .66. The 
interaction was also significant, F(1, 130) = 12.12, MSE = .01, p = .001, ηp
2
 = .09, 
with significant time-dependent forgetting on state trials, t(130) = 2.89, p = .008, d = 
.26. Specifically, there was a modest decline of around 4% over the one-week delay, 
but on exemplar trials the opposite pattern was seen, t(130) = -2.10, p = .038, d = -.15. 
Accuracy modestly increased from 88.78% at phase 1 to 91.16% at phase 2.  
For switch foils, there was a significant effect of phase, F(1, 130) = 4.98, MSE 
= .01, p = .027, ηp
2
 = .04, but this was due to improved performance at phase 2 (M = 
.83), in comparison to phase 1 (M = .85). The effect of trial type was also significant, 
F(1, 130) = 107.58, MSE = .01, p < .001, ηp
2
 = .45, but this is less informative as 
switch trials compare different types of information over the delay (e.g. a phase 1 
exemplar is compared against a phase 2 state, or vice versa). The interaction was non-
significant, F(1, 130) = .79, MSE = .01, p = .374, ηp
2
 = .01, showing that both state 
and exemplar switch trials had improved performance over the delay (when state 
switched to exemplar, accuracy increased by 1.28%, and when exemplar switched to 
state, accuracy improved by 2.6%). Whilst these improvements are modest, it does 
reflect better recognition performance after a seven-day delay.    
For old foils, there was clearer evidence of time-dependent forgetting, with 
performance dropping by around 8%, on average (phase 1: M = .82; phase 2: M = 
.74), F(1, 130) = 94.26, MSE = .01, p < .001, ηp
2
 = .42.  Accuracy on state trials (M = 
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.79) also exceeded that on exemplar trials (M = .76), F(1, 130) = 8.48, MSE = .02, p = 
.004, ηp
2
 = .06. However, the interaction was non-significant, F(1, 130) = .03, MSE = 
.01, p = .864, ηp
2
 = .00, suggesting similar loss of both state and exemplar detail. 
Thus, unlike Experiment 1, there was time-dependent forgetting on exemplar old 
trials. This may have been influenced by improved control over responding based on 
spatial location (specifically, the target and foil could switch position in the two 
recognition tests, unlike Experiment 1).  
To investigate any effect of the target and foil position on exemplar old trials, 
a 2 (phase: 1 vs. 2) x 2 (position of target during phase 1 and 2: same vs. different) 
repeated measures ANOVA was conducted. As before, the effect of phase was 
significant, F(1, 130) = 49.62, MSE = .02, p < .001, ηp
2
= .28, with performance 
declining over the delay, but position was also significant, F(1, 130) = 35.03, MSE = 
.03, p < .001, ηp
2
= .21. There was higher accuracy on trials where the target and foil 
remained in the same position (M = .81), rather than a different position (M = .72). Of 
most relevance, the interaction was significant, F(1, 130) = 4.71, MSE = .02, p = .032, 
ηp
2
= .04, and is shown in Table 1. Accuracy was higher when the target and foil was 
in the same position, but this applied to both recognition phases, suggesting that the 
trials where the items switched position may have been more difficult overall. 
However, the forgetting rate was also greater on trials where the target and foil 
switched position (approximately 11%, compared to 5.5% on same trials, on average). 
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The results of Experiment 2 were broadly compatible with those in Experiment 1. 
Exemplar-level memory appeared more robust over the delay than state-level memory 
but, unlike Experiment 1, old exemplar trials (where the same target and foil were 
used at both phases) showed a significant decline over the interval. The major 
difference between this trial type in the two experiments was the control over object 
placement – in Experiment 1, the target and foil were placed in the same position 
during both phases, but this was not always the case in Experiment 2. This suggests 
that the benefits of retrieval practice on exemplar trials in Experiment 1 may have 
been influenced by memory for the old target position, rather than the precise object. 
When this possibility was controlled in Experiment 2, there was modest but 
significant forgetting of exemplar detail (and this was greater on trials where the 
target and foil switched position). Yet where foil interference was controlled, 
exemplar memory did survive over the interval. Providing a new exemplar foil led to 
a slight improvement in accuracy after a week had passed, and a similar absence of 
forgetting was seen on the state switch trials. Practicing the retrieval of state 
information during phase 1 also seemed to preserve memory for exemplar detail one 
week later.  
Conversely, accuracy on state trials decreased over time. This occurred 
regardless of whether the original foil or a new foil was presented during phase 2 
(showing that any forgetting was not simply the result of interference from the 
original foil), although forgetting on state trials with a new foil seemed to be 
relatively minor. Furthermore, there was an absence of forgetting in the exemplar 
switch condition. If participants were tested on the object exemplar during phase 1, 
switching to a state trial for that same object at phase 2 preserved performance 
(indeed, there was a small but significant recovery in accuracy during the delayed 
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recognition test). Thus, even very detailed state memory can survive over one week if 




The first two experiments suggested that retrieval practice may preserve detailed 
VLTM over one week, although the precise effect is dependent on the information 
being retained and the type of foil that is used. In Experiment 1, retrieval practice 
slowed the forgetting of exemplar (but not state) information, in comparison to a 
baseline condition. In Experiment 2, practicing the retrieval of some stimuli during 
phase 1 prevented time-based forgetting (though this was not seen on “old” or “state 
new” trials). The overall results show that some forms of detailed VLTM can survive 
over time, but it is unclear whether retrieval practice is entirely responsible for this 
effect. 
Any apparent benefit of retrieval practice may actually be due to mere 
exposure. In the retrieval practice condition, participants experienced the target 
stimuli twice – once during the initial presentation and again during the phase 1 
recognition test. It could be that the simple repetition of the target strengthened the 
memory and allowed it to persist over time. In standard testing effect studies, mere 
exposure is controlled by comparing the retrieval practice group against a restudy 
group, where information is re-encoded but not deliberately retrieved (Rowland, 
2014). Evidence for a testing effect is only accepted where performance on a final test 
is better in the retrieval practice than the restudy condition. This finding is typical in 
the testing effect literature (Rickard & Pan, 2017), suggesting that the act of retrieval 
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practice is crucial, but without an appropriate control it is difficult to draw firm 
conclusions for the present study.  
So, in Experiment 3 a new “restudy” condition was added to the design. After 
the initial presentation, participants in this group saw the 64 images that would be 
tested during phase 2 for a second time. However, they were tested on non-repeated 
images during the phase 1 test, preventing any retrieval practice of the critical stimuli. 
The restudy group was then compared against retrieval practice and baseline 
conditions. It was anticipated that retrieval practice would lead to higher accuracy 
during phase 2 in comparison to both the restudy and baseline conditions, although 
repeated encoding could produce some modest facilitation, in comparison to baseline.  
Experiment 3 also aimed to assess the impact of trial type and foil type on 
recognition performance, given some mixed results. Whilst Experiment 1 did not 
uncover any loss of exemplar information when the same foil was used in both 
phases, Experiment 2 did. As noted above, one possible explanation for this 
discrepancy was better control over object placement in the second experiment, where 
the target and foil sometimes switched position across phases following retrieval 
practice. A specific analysis on exemplar old trials incorporating position information 
supported this interpretation, where there was greater forgetting on trials where the 
target and foil swapped position. In addition, some of the exemplar trials in 
Experiment 1 also varied object state, whereas the present experiment prevented this. 
Experiment 3 therefore allowed another opportunity to assess the robustness of 
exemplar memory following retrieval practice, in relation to both baseline and restudy 
conditions. The nature of time-dependent forgetting in state memory was also 
assessed, as some of the results from Experiment 2 indicated that state information 
may survive the passage of time in some circumstances. 
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Finally, Experiment 3 reintroduced the switch trials. In Experiment 2, this 
condition yielded some surprising results, as it highlighted modest facilitation over 
the delay when a state trial was converted to an exemplar trial, and vice versa. The 
replicability of this finding was assessed in the present experiment, and the switch 
trials also served as a tool for monitoring foil interference, which may play an 
important role. Due to the nature of switch trials, “true” switches could only occur in 
the retrieval practice group (in order for a noticeable switch to happen, participants 
must be tested on different types of information for the same target). In the restudy 
and baseline groups, switch trials involved the comparison of exemplar and state, or 
state and exemplar information, but for different stimuli. As such, the restudy and 
baseline groups acted as a comparison against which the impact of switch trials in the 
retrieval practice condition could be measured. Importantly, the specific information 
tested on all trial types during phase 2 was identical in the three conditions – for 
example, a phase 2 state switch trial presented the same exemplar trial for retrieval 
practice, restudy and baseline groups. Recognition accuracy during phase 2 was 






In total, 153 first-year undergraduate psychology students (137 females, 12 males and 
four unreported sex) from the University of Wolverhampton completed both phases of 
the experiment. Participants were aged between 18 and 59 (M = 23.91, SD = 8.23) 
and undertook the experiment during an introductory research methods session. None 
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of the participants had taken part in the previous experiments. In addition, twenty-two 
participants completed phase 1 only, three participants withdrew their data, four did 
not provide the code that allowed responses to be linked and two self-reported visual 
impairments. All were removed from the analysis. Every participant gave written 
informed consent before beginning the experiment and the study protocol was 




As in Experiments 1 and 2, 300 categorically distinct and unique images (128 targets, 
156 fillers and 16 artificial stimuli) were used in the picture presentation and selected 
from Brady et al. (2008, 2013) and McKeown et al. (2014). The recognition task 
contained 64 trials during each phase (16 for each state/exemplar and old/switch trial 
type), and the target and foil swapped position on half of the recognition trials in the 
phase 2 retrieval practice condition. 
To create better control over the state/exemplar manipulation, stimuli from 
Brady et al.’s (2013) database were used for the retrieval practice group (both phases) 
and the phase 2 test for restudy and baseline conditions. Trials in the phase 2 
recognition test were therefore identical in all three groups. Ninety-six of the 100 
objects from Brady et al.’s database were selected for use here (the remaining four 
objects were removed as they may have been unfamiliar to a UK sample). 
Importantly, exemplar recognition pairs in this database show objects in 
approximately the same state, and it was a suitable database for creating switch trial 
stimuli, as it contains state and exemplar representatives for each item. During phase 
1, the restudy and baseline recognition test included 32 stimuli from Brady et al. 
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(2013) and, due to an absence of sufficient stimuli, 32 items from Brady et al. (2008). 
However, these latter stimuli were selected to ensure that exemplar recognition pairs 
were in approximately the same state.  The restudy and baseline groups were tested on 
different stimuli in phases 1 and 2, matching the baseline condition of Experiment 1. 
Nonetheless, care was taken to ensure any comparisons between phases remained 
meaningful. For instance, old trials tested the same type of memory (exemplar or 
state) during both phases, but for different stimuli. Switch trials compared memory on 
phase 1 state trials against memory for different phase 2 exemplar trials, and vice 
versa.  
 
Design and Procedure 
 
The study manipulated four variables in a 2 (phase: 1 vs. 2) x 2 (trial type: state vs. 
exemplar) x 2 (foil type: old vs. switch) x 3 (condition: retrieval practice vs. restudy 
vs. baseline) mixed design. The condition variable was a between-subjects factor and 
all other variables were manipulated within groups. 
Both phases of the experiment took place in the same classroom under exam 
conditions, with images projected onto a large screen. Six separate groups were 
tested, and these were randomly allocated to either the retrieval practice, restudy or 
baseline conditions. To reduce picture-specific effects, a counterbalancing 
arrangement was employed. Within each condition, the stimuli that comprised 
exemplar old trials for one group acted as exemplar switch trials for the other group, 
and vice versa. The same arrangement was adopted for state stimuli. During phase 1, 
the retrieval practice condition was tested on a different set of items to the restudy and 
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baseline groups, but during phase 2 all conditions completed the recognition test for 
the same stimuli.  
The procedural arrangements for the retrieval practice and baseline conditions 
matched Experiment 1, but the restudy group had an added encoding opportunity. 
Following the presentation of the 300 images, the 64 targets that would be tested at 
phase 2 were shown for a second time. They were presented at the standard rate (3 s 
and followed by a 1 s gap), and participants were informed in advance that stimuli 
would be shown either once or twice, so some repetition was expected. They then 
completed the phase 1 recognition task on a different set of stimuli (i.e. repeated 
images were only tested at phase 2).  
The restudy condition was designed to control for any effect of re-exposure, 
but the retrieval practice group were shown the target for 5 s during the recognition 
test. Whilst this created a slightly longer exposure time in the retrieval practice 
condition, during this 5 s participants had to consider the foil item and decide upon 
the image they had seen before. The 3-s presentation in the restudy condition 
therefore seemed like a reasonable approximation to exposure to the target stimuli in 




Following Experiments 1 and 2, participants were removed if they had six or more 
missing responses, or where responses had become confused and out of sequence, and 
thus difficult to score. This affected eight individuals in total. The final sample 
comprised 145 participants, with 46, 44 and 55 individuals in the retrieval practice, 
restudy and baseline conditions, respectively.  
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Data were assessed using ANOVAs, with simple effects and Holm-Šidàk 
corrected t-tests used to follow up significant interactions. However, the switch from 
exemplar to state, or state to exemplar, only occurred in a meaningful way in the 
retrieval practice condition. In the restudy and baseline conditions, participants had no 
experience of any switch, as this was the first time they were tested on those specific 
items. Similarly, as in Experiment 2, the presence of switch trials made it difficult to 
differentiate state from exemplar in the ANOVA, as switch trials include both types 
of information. To address these difficulties, the trial type (state/exemplar) and foil 
type (old/switch) variables were treated as one factor with four levels, but subsequent 
analyses allowed more specific comparisons to be made.  
 A 2 (phase: 1 vs. 2) x 3 (condition: retrieval practice vs. restudy vs. baseline) 
x 4 (trial: state old vs. state switch vs. exemplar old vs. exemplar switch) mixed 
ANOVA was then performed. Aside from a null effect of condition, F(2, 142) = 1.11, 
MSE = .07, p = .332, ηp
2
 = .02, all other main effects and interactions were significant. 
Mean accuracy dropped from 77.2% to 67.1% over the delay, F(1, 142) = 159.75, 
MSE = .02, p < .001, ηp
2
 = .53, and differences were found between the four trial 
types, F(3, 426) = 14.56, MSE = .01, p < .001, ηp
2
 = .09. Šidàk post-hoc tests showed 
performance on state old trials (M = .69) to be worse than all other trial types (all ps < 
.008). Exemplar old trial accuracy (M = .72) was also lower than both switch trials (ps 
< .009), although there was no significant difference between exemplar switch and 
state switch trials (M = .74, p = .720).      
The theoretically relevant phase x condition interaction was significant, F(2, 
142) = 30.84, MSE = .02, p < .001, ηp
2
 = .30, and is shown in Table 2. No reliable 
differences were found among the three conditions at phase 1, F(2, 142) = 1.89, MSE 
= .03, p = .154, but there was an effect at phase 2, F(2, 142) = 16.65, p < .001. 
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Accuracy in the retrieval practice condition exceeded both the baseline, t(99) = 5.76, 
p < .001, d = 1.18, and restudy, t(88) = 2.04, p = .045, d = .44, conditions. The restudy 
group also outperformed the baseline condition, t(97) = 3.49, p = .002, d = .71.  
 
“Table 2 about here” 
 
Both the phase x trial type interaction, F(3, 426) = 31.28, MSE = .01, p < .001, 
ηp
2
 = .18, and trial by condition interaction, F(6, 426) = 2.42, MSE = .01, p = .026, ηp
2
 
= .03, were significant. The former interaction suggested that the forgetting rate 
depended upon the type of information being tested, whereas the latter interaction 
highlighted differences in trial performance according to condition. However, both of 
these interactions were subsumed by a higher order three-way interaction, F(3, 426) = 
7.64, MSE = .01, p < .001, ηp
2
 = .10, and given that genuine switch trials only 
occurred in the retrieval practice condition, only the three-way interaction was 
explored further. This higher order interaction was broken down to 1) assess time-
dependent forgetting and 2) explore differences between the three conditions at phase 
2, with this latter analysis being of most interest.   
To examine time-dependent forgetting, a 2 (phase: 1 vs. 2) x 4 (trial: state old 
vs. state switch vs. exemplar old vs. exemplar switch) repeated measures ANOVA 
was conducted separately for each condition. For all analyses, both main effects and 
the interaction were significant
2
, so paired t-tests were used to compare phase 1 and 2 
performance for each trial type, separately in the three conditions (see Table 3). In the 
retrieval practice condition, all trial types declined over the delay, except for the state 
switch condition where there was an improvement in recognition accuracy during 
phase 2. In the restudy and baseline conditions, old trials compared memory for the 
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same type of information across a delay (e.g. phase 1 state vs. phase 2 state), whereas 
switch trials compared independent exemplar and state trials (e.g. phase 1 exemplar 
vs. phase 2 state). In both conditions, the specific images tested during phase 1 were 
unrelated to those tested during phase 2, unlike the retrieval practice condition. 
Robust time-dependent forgetting occurred for all trial types, with the only exception 
being exemplar old trials in the restudy condition. 
 
“Table 3 about here” 
 
To explore differences between the three conditions at phase 2, where all 
participants were responding to the same stimuli, a 2 (trial type: state vs. exemplar) x 
2 (foil type: old vs. switch) x 3 (condition: retrieval practice vs. restudy vs. baseline) 
mixed ANOVA was used. The effect of old and switch trials in the retrieval practice 
condition were assessed in relation to restudy and baseline groups, which acted as 
comparisons. 
Higher accuracy was found on exemplar (M = .70) than state (M = .64) trials, 
F(1, 142) = 59.55, MSE = .01, p < .001, ηp
2
 = .30, and on switch (M = .69) than old 
(M = .65) trials, F(1, 142) = 25.97, MSE = .01, p < .001, ηp
2
 = .16. The interaction 
between trial type and condition, F(2, 142) = 1.45, MSE = .01, p = .239, ηp
2
 = .02, and 
between trial type and foil type, F(1, 142) = .03, MSE = .01, p = .855, ηp
2
 = .00, were 
both non-significant. However, there was an overall effect of condition, F(2, 142) = 
16.64, MSE = .03, p < .001, ηp
2
 = .19, with both the retrieval practice (M = .72, p < 
.001) and restudy (M = .68, p = .002) conditions significantly outperforming the 
baseline group (M = .62), but not reliably differing from each other (p = .107). 
Additional interactions were found between foil type and condition, F(2, 142) = 4.53, 
MSE = .01, p = .012, ηp
2
 = .06, and amongst all three variables, F(2, 142) = 12.02, 
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MSE = .01, p < .001, ηp
2
 = .15. This higher order three-way interaction was followed 
up with a series of one-way ANOVAs comparing the three groups on each trial type. 
All tests were significant (all ps < .008), but differences between the groups were 
found through t-tests.  
On state old trials, higher accuracy was found in the retrieval practice (M = 
.67) than the restudy (M = .60, t[88] = 2.28, p = .049, d = .43) and baseline (M = .57, 
t[99] = 4.00, p < .001, d = .74) conditions. The latter two groups did not differ (t[97] 
= 1.36, p = .176, d = .21). On exemplar switch trials, also assessing state memory, the 
retrieval practice group (M = .70) performed better than baseline (M = .62, t[99] = 
3.13, p = .006, d = .67), but not restudy (M = .67, t[88] = .90, p = .373, d = .25). There 
was a marginal difference when comparing the latter two groups, but this was not 
significant, t(97) = 2.17, p = .065, d = .42). 
There was no beneficial effect of retrieval practice on exemplar old trials, with 
the only difference occurring between restudy (M = .73) and baseline (M = .64), t(97) 
= 3.41, p = .003, d = .72.  Yet on state switch trials, assessing exemplar memory, the 
retrieval practice group (M = .83) outperformed both the restudy (M = .71, t[88] = 
4.51, p < .001, d = 1.00) and baseline (M = .64, t[99] = 8.43, p < .001, d = 1.73) 
conditions. Higher accuracy was also seen in the restudy than baseline groups, t(97) = 
2.76, p = .007, d = .54.  
Finally, to assess any influence of the target and foil spatial location, a 
separate 2 (phase: 1 vs. 2) x 2 (position of target during phase 1 and 2: same vs. 
different) x 4 (trial type: exemplar old vs. exemplar switch vs. state old vs. state 
switch) repeated measures ANOVA was carried out on the retrieval practice 
condition. This condition was chosen as it was the only group in which the position of 
the target and foil could be reliably used when responding. The outcomes of interest 
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concerned the effect of target position and its interaction with any of the other 
variables. The main effect of target position slightly exceeded the threshold for 
significance, F(1, 45) = 3.80, MSE = .02, p = .058, ηp
2
= .08, and neither two-way 
interaction was significant (Fs < .25, ps > .650). However, there was a significant 
three-way interaction, F(3, 135) = 9.92, MSE = .02, p < .001, ηp
2
= .18. 
To explore this interaction, separate 2 (phase: 1 vs. 2) x 2 (position of target 
during phase 1 and 2: same vs. different) repeated measures ANOVAs were 
conducted for each trial type. On exemplar old trials, phase was the only significant 
effect, F(1, 45) = 21.95, MSE = .02, p < .001, ηp
2
= .33. For the remaining trial types, 
the effect of phase was significant as well as the interaction
3
. Position alone was not 
significant for any trial type (all Fs < 1.8, all ps > .190).  
The three individual interactions were therefore explored with Holm-Šidàk 
corrected paired-samples t-tests. On exemplar switch trials, phase 1 accuracy was 
higher for same (M = .81) than different (M = .74) trials, t(45) = 2.14, p = .038, d = 
.33, perhaps denoting some stimulus-specific differences that made the different trial 
set harder to remember during the initial recognition. However, during phase 2 
performance was better on different (M = .73) than same (M = .67) trials, t(45) = -
2.33, p = .049, d = -.33. State switch trials showed the reverse effect during phase 2 
recognition, t(45) = 2.63, p = .024, d = .38, with higher accuracy on same (M = .86) 
than different (M = .79) trials. No difference was found during phase 1, t(45) = -.40, p 
= .693, d = -.05. The interaction on state old trials was primarily driven by clear time-
dependent forgetting on different trials, with accuracy declining from 78.24% during 
the initial recognition test to 63.5% on the delayed recognition test, t(45) = 6.16, p < 
.001, d = .86. Comparison of phase 1 and 2 performance on same trials did not yield a 
significant result, t(45) = .86, p = .394, d = .17. 





Experiment 3 found both time-dependent forgetting (as observed in the previous 
experiments) and an interaction between phase and condition, first seen in Experiment 
1. Overall, retrieval practice boosted phase 2 performance in comparison to the 
baseline condition, matching Experiment 1. The retrieval practice group also 
outperformed the restudy condition, showing that any effects of retrieval practice 
were not exclusively due to mere exposure. Retrieval practice was particularly 
beneficial for state switch trials, where accuracy during phase 2 was substantially 
higher than it had been during phase 1, despite the seven-day interval (a similar 
though less pronounced effect was observed in Experiment 2). Additionally, state 
switch performance following retrieval practice was notably higher than both restudy 
and baseline conditions. Yet on exemplar trials using an old foil, there was clear time-
dependent forgetting in the retrieval practice condition (replicating Experiment 2 but 
not Experiment 1), and no reliable difference between baseline and retrieval practice 
groups.  
Retrieval practice was beneficial on state old trials, where the retrieval 
practice group performed better than both restudy and baseline groups, despite 
evidence of time-dependent forgetting. Such an effect partially supported Experiment 
1, where there was temporal forgetting for state information following retrieval 
practice, yet in Experiment 1 there was also no significant difference in phase 2 
performance for retrieval practice and baseline conditions. In the exemplar switch 
condition, retrieval practice accuracy exceeded baseline, but not restudy, conditions. 
Indeed, restudy seemed to confer some advantages, but primarily for exemplar stimuli 
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(during phase 2, the restudy group performed better than baseline for state switch and 
exemplar old trials). 
In summary, the precise effect of retrieval practice depended on the specific 
information being tested, as well as the foil type. There was also evidence that the 
spatial location of the target and foil affected the retrieval practice condition – if the 
target and foil changed location over the interval, performance improved for exemplar 
switch trials, in comparison to when the target and foil remained in the same location. 
In contrast, on state switch and state old trials, it was preferable for the target and foil 
to remain in the same location. A full discussion of these data in relation to the wider 




Time-based forgetting is a well-established phenomenon and an important limitation 
in human memory. Its effects were clearly shown in the present study, with 
recognition performance declining over one week by approximately 11% in 
Experiment 1 and 10% in Experiment 3. Yet the primary aim of the present study was 
to determine whether the loss of detailed VLTM over time could be slowed or 
eliminated through retrieval practice. Overall, the data supported this idea – in 
Experiment 2, where retrieval practice was always given, average time-dependent 
forgetting was just 2.4%. In Experiments 1 and 3, the retrieval practice group 
performed better than the baseline condition after one week, and this effect was not 
simply due to mere exposure during initial testing. A restudy condition was added to 
Experiment 3 that allowed participants a second encoding opportunity for phase 2 
stimuli, without retrieval practice. Whilst repeated encoding did boost recognition 
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accuracy at phase 2, in comparison to the baseline group, performance in the restudy 
condition was still worse than the retrieval practice group, as shown in the analysis of 
the phase x condition interaction. 
 These findings are consistent with a testing effect (e.g. Karpicke, 2012; 
Roediger & Butler, 2011) and other studies showing that detailed memories can 
persist under certain circumstances (e.g. Sekeres et al., 2016). However, examination 
of higher-order interactions revealed that retrieval practice did not offer universal 
advantages and instead was highly dependent upon the trial type and foil type. 
Furthermore, different results emerged in Experiments 1 and 3, with retrieval practice 
helping exemplar but not state memory in the former study, and vice versa in the 
latter study (for old foil types). Closer examination of the method and results provides 
some insight into this discrepant result. In Experiment 1, state information was 
forgotten over time, yet there was still a trend towards better performance in the 
retrieval practice than baseline condition. Experiment 2 replicated time-dependent 
forgetting for state stimuli when both old and new foils were presented during phase 
2, and the same effect emerged for state old stimuli in Experiment 3. In this final 
experiment, however, there was a reliable difference between conditions, with the 
retrieval practice group outperforming both the baseline and study conditions after 
one week. Retrieval practice may preserve state information to some degree, and this 
is supported by the exemplar switch condition. Here, a phase 1 exemplar trial was 
converted to a state trial during phase 2, and accuracy modestly increased over the 
delay in Experiment 2. There was evidence of time-dependent forgetting for exemplar 
switch stimuli in Experiment 3, but the retrieval practice condition outperformed the 
baseline group during phase 2.  
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Retrieval of an exemplar memory may preserve information about that 
object’s state, but mere exposure to a specific exemplar at phase 1 also seemed to 
have some limited benefit for remembering the object’s state at phase 2. In the restudy 
condition, accuracy was similar to the retrieval practice condition and marginally 
better than the baseline group on exemplar switch trials. The overall trends suggest 
that state detail is lost over one week, but this forgetting may be slowed through 
retrieval practice. Repeated exposure to an exemplar in a specific state has a less 
pronounced benefit, but might modestly alleviate information loss.  
The way in which memory for exemplar information responded to retrieval 
practice differed across the experiments. Specifically, retrieval practice proved to be 
beneficial in Experiment 1 but not Experiment 3 (indeed, in Experiment 3 there was 
no difference between retrieval practice and baseline conditions on exemplar old 
stimuli during phase 2, which was the only case where retrieval practice did not 
significantly improve accuracy in relation to baseline). In the first experiment, the 
effect of retrieval practice may have been exaggerated by the type of foil used, as the 
exemplar target and foil often differed on state information too, providing more 
information through which the items could be distinguished during recognition. 
Experiment 1 also kept the target and foil items in the same position in both 
recognition tests, whereas Experiment 3 varied object placement. In Experiment 2, 
which varied object placement too, there was significant forgetting on exemplar trials 
that used the same foil during both phases, and this was more pronounced on trials 
where the target and foil had changed location. Experiment 3 did not replicate this 
spatial location effect on exemplar old trials, but the absence of target-foil placement 
does not necessarily mean it had no impact – for instance, participants may have 
realised that the position of the target can change and is therefore an unreliable 
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memory cue. Additionally, the wider analysis of target position in Experiment 3 
showed that it affected recognition on all remaining trial types. 
The combined evidence highlights a loss of exemplar memory when a more 
careful design arrangement was used, yet in other cases exemplar information could 
be preserved over time. In Experiment 2, there was no loss of accuracy over the delay 
when a new foil was presented on exemplar trials at phase 2, or when a phase 1 state 
trial switched to an exemplar trial at phase 2. Experiment 3 replicated the latter effect, 
with performance on state switch trials jumping from 72% at phase 1 to 83% at phase 
2 in the retrieval practice condition (the only case of facilitation in that experiment). 
This suggests that retrieval practice can preserve exemplar information over time, but 
the effect may be foil dependent. On old exemplar trials, participants may have 
experienced difficulty distinguishing the target from foil in the second test, as robust 
memories for both objects may have been formed during phase 1 recognition (though 
this problem might be avoidable when the recognition decision can be based on other 
information, such as target location or differences in state). Yet where interference 
from old foils can be avoided (such as on exemplar new and state switch trials), 
accuracy persists at a high level. This interpretation is supported by performance in 
the restudy condition of Experiment 3. In this condition, participants saw the target 
twice during the picture presentation, but they were only exposed to the specific 
target/foil pairing during the phase 2 test. On “exemplar old” trials, then, the restudy 
group avoided exposure to the foil during phase 1, and accuracy exceeded both the 
retrieval practice and baseline conditions, plus time-dependent forgetting was absent. 
A similar effect was shown on state switch trials, where the restudy condition 
performed better than the baseline condition during phase 2, when exemplar memory 
was tested. 
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Existing theories of the testing effect may prove useful in understanding the 
present results. Some accounts propose that a retrieval attempt effectively elaborates 
the representation, for example by adding mediating information (e.g. Carpenter, 
2009) or extra semantic features (e.g. Verkoeijen, Bouwmeester, & Camp, 2012). 
Other explanations suggest that retrieval practice creates additional retrieval routes 
through which the memory can be accessed in the future (Rawson, Vaughn, & 
Carpenter, 2015). Both of these ideas can explain the overall benefit of retrieval 
practice, yet it is unclear why the precise effect of retrieval was dependent upon the 
trial and foil type. In addition, these theories struggle to account for cases where 
retrieval practice did not improve performance over the restudy group.  
Another theory, known as the bifurcation model (Kornell, Bjork, & Garcia, 
2011; see also Rowland, 2014), does allow a second encoding opportunity to 
strengthen a memory. This would explain the heightened accuracy in the restudy 
compared to baseline conditions, although there is an expectation that retrieval 
practice will be most beneficial (at least if the memory is correctly retrieved). 
Consequently, some of the present study’s specific findings are difficult to reconcile 
with this theory. For example, restudy boosted recognition accuracy at phase 2 for 
exemplar information, but had less success in preserving state information. It should 
be stressed that most of the existing accounts of the testing effect are intended to 
understand the benefits of retrieval practice when recalling verbal stimuli. When 
recognition memory is involved for visual stimuli, especially with a 2AFC task, the 
foils used may strongly determine the nature of any retrieval practice effect, as well as 
the type of information being remembered (state or exemplar).  
The present findings also pose problems for some explanations of time-
dependent forgetting. Classic forgetting theories based on decay and interference 
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processes would expect accuracy to decline over one week, but some previously 
retrieved or re-encoded memories seemed resistant to decay and interference. Indeed, 
in some rare cases phase 2 performance exceeded that at phase 1 – such an effect is 
striking, given that the interval lasted seven days. Models based on context-shifts may 
be better suited to explaining the retrieval practice effect, as theories incorporating a 
role for contextual factors typically expect the reinstatement of contextual information 
to improve retrieval (Unsworth et al., 2012). If the target and foil pairing is thought of 
as a form of context, the retrieval practice condition have that context reinstated 
during phase 2, which should boost recognition accuracy. But as with the theories of 
the testing effect, this interpretation struggles to explain situations in which retrieval 
practice was not beneficial.  
Other theories of forgetting have relevance to the present results. For example, 
fuzzy-trace theory states that retrieval of verbatim traces allows vivid remembering, 
and it anticipates repetition to be beneficial (Brainerd & Reyna, 2002). The initial 
retrieval attempt may have preserved the verbatim trace used to support VLTM, and 
the repetition of stimuli provided by restudy conferred a more minor benefit. 
Similarly, the trace transformation model allows both the detailed and schematised 
representations of an event to exist simultaneously (Winocur & Moscovitch, 2011), 
and the retrieval environment influences the type of memory that is involved 
(Winocur et al., 2010). As such, it may be that retrieving an object at an early stage 
allows the detailed representation to persist over a one-week delay. As already noted, 
however, the precise effect of retrieval practice and restudy was dependent upon the 
trial and foil type, meaning that the more specific effects reported here remain 
difficult to explain.  
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The other major finding emerging from the present study concerned the rate at 
which information was lost from memory, with the results indicating more rapid 
forgetting for state-level than exemplar-level information. A larger loss of accuracy 
for state than exemplar memory was found in the retrieval practice condition of 
Experiment 1, and an effect of time occurred for state but not exemplar trials in 
Experiment 2. In Experiment 3, there was a greater overall decline in accuracy on 
state old than exemplar old trials, and on exemplar switch than state switch trials. 
Both effects were suggestive of increased difficulty in retaining information about an 
object’s state over time. These findings are compatible with the view that specific 
properties of a memory may be lost independently and in different ways (e.g. Brady et 
al., 2013; Sekeres et al., 2016), rather than being forgotten in an all-or-none manner. 
However, Andermane and Bowers (2015) reported similar forgetting rates for state 
and exemplar memory. This could have been influenced by methodological 
differences, as Andermane and Bowers (2015) tested independent groups of 
participants at each phase and presented many more stimuli and recognition trials. 
Even so, differential loss of visual information has been reported before, with Brady 
et al. (2013) recording independent forgetting of state and exemplar memory for the 
same object over 3 days, and faster forgetting of memory for colour than state 
information. It should be noted that not all conditions conformed to the trend of faster 
forgetting of state information – in Experiment 1, there was more rapid forgetting of 
exemplar memory in the baseline condition, although this effect was not replicated in 
Experiments 2 and 3, and may have been produced by picture-specific effects. Indeed, 
at an item-level, some stimuli seemed much more difficult to retain over time than 
others.  
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Given these results, theories of VLTM may benefit from distinguishing between 
memory for state and exemplar information. Whilst exemplar memory is incorporated 
into formal theories such as the exemplar-based random walk model (Nosofsky & 
Palmeri, 1997), there do not appear to be similar theoretical frameworks for the 
retention of state information and it remains poorly understood. Subsequent studies 
would also benefit from employing a standardised set of stimuli, which was a 
particular limitation of Experiment 2 (specifically, the three recognition trial types 
were not always remembered equivalently in phase 1, although the primary focus in 
that experiment was to examine changes to each trial type over one week). Whilst the 
present study always ensured that the target and foil differed in either state or 
exemplar detail, the relationship between the target and foil may be important. 
Specifically, the difference between the target and foil was not standardised, and 
hence it varied from trial to trial. Participants may have been able to make use of this 
information, which may sometimes lead to an advantage. Indeed, both Andermane 
and Bowers (2015) and Cunningham, Yassa, and Egeth (2015) reported that 
recognition accuracy is much worse if a Yes-No or Old-New task is used, rather than 
the standard 2AFC test, and there is scope to further manipulate the way in which 




Time-based forgetting is a known limitation with human memory and many theories 
expect representations – especially those containing precise details – to be lost over a 
delay. Contrary to this view, the present study showed that an initial retrieval attempt 
preserved some finely resolved representations over seven days, even when the 
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retrieval attempt was itself followed by a long delay. However, this effect was 
dependent on both the information being tested and the foil type, meaning that the 
complex set of results emerging in these three experiments is difficult to fully 
reconcile with existing theories of retrieval practice and time-dependent forgetting.  
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Figure 1. Example recognition trials from Brady et al. (2008). The pairings show 
target and foil items for exemplar trials (left column) and state trials (right column).  
 
Figure 2.  Mean proportion of correct responses for state (panel A) and exemplar 
(panel B) trials for immediate (phase 1) and delayed (phase 2) recognition. The 
dashed line shows the baseline condition and the solid line shows the retrieval 
practice condition. Error bars show 95% CIs calculated using Jarmasz and Hollands’ 
(2009) equation for a mixed interaction.   
 
Figure 3. Example recognition trials in Experiment 2. For phase 2 state and exemplar 
conditions, sometimes the foil from phase 1 was used again (old trials) and at other 
times a new foil was presented (new trials). On switch trials, the condition type 
changed over the delay (i.e. state-to-exemplar or exemplar-to-state). The target and 
foil swapped positions at phase 2 for half of the trials. 
 
Figure 4. Mean proportion of correct responses for state (panel A) and exemplar 
(panel B) trials for immediate (phase 1) and delayed (phase 2) recognition. Each line 
shows one of the three recognition trial types (see legend for details). Error bars 
depict 95% CIs calculated using Jarmasz and Hollands’ (2009) equation for a 
repeated measures interaction.   
  































Mean (and Standard Deviations) for Proportion of Correct Responses on Exemplar 
Old Trials According to Target Position During Phase 1 and 2 
Target position in Phase 1 and 2 Phase 1 Phase 2 
Same 0.84 (0.17) 0.78 (0.20) 
Different 0.77 (0.18) 0.66 (0.18) 
 
  





Means (and Standard Deviations) for Proportion of Correct Responses in Experiment 
3 According to Phase and Condition 
Condition  Phase 1 Phase 2 
Retrieval practice 0.75 (0.13) 0.72 (0.09) 
Restudy 0.77 (0.12) 0.68 (0.09) 
Baseline 0.80 (0.11) 0.62 (0.08) 
 
  




Time-Dependent Forgetting for each Trial Type and Condition in Experiment 3 
 











Exemplar old M = 0.76, SD = 0.16 M = 0.68, SD = 0.15 0.08 3.47 .002 0.52 
Exemplar switch M = 0.77, SD = 0.17 M = 0.70, SD = 0.12 0.07 2.98 .005 0.43 
State old M = 0.76, SD = 0.14 M = 0.67, SD = 0.14 0.09 4.90 <.001 0.77 







Exemplar old M = 0.73, SD = 0.15 M = 0.73, SD = 0.13 0 -.09 .932 0 
Exemplar switch M = 0.83, SD = 0.15 M = 0.67, SD = 0.12 0.16 6.05 <.001 0.95 
State old M = 0.77, SD = 0.12 M = 0.60, SD = 0.15 0.17 7.97 <.001 1.29 







Exemplar old M = 0.76, SD = 0.17 M = 0.64, SD = 0.12 0.12 4.99 <.001 0.69 
Exemplar switch M = 0.87, SD = 0.14 M = 0.62, SD = 0.12 0.15 11.93 <.001 1.59 
State old M = 0.77, SD = 0.14 M = 0.57, SD = 0.13 0.20 9.05 <.001 1.16 
State switch M = 0.79, SD = 0.12 M = 0.64, SD = 0.12 0.15 7.24 <.001 1.00 
 
  





                                                        
1
 Participants were inadvertently shown one of the state objects twice during the 
picture presentation. Two groups were tested on this item during phase 1, and one of 
these groups was tested on this item again during phase 2. This image was replaced 
before the recognition test in the other two groups. Running the analysis without this 
trial did not affect the ANOVA output, nor did limiting the analysis to the two 
unaffected groups. The reported analysis therefore includes this object. 
2
 Retrieval practice condition: Phase, F(1, 45) = 6.30, MSE = .02, p = .016, ηp
2
 = .12; 
trial type, F(3, 135) = 4.66, MSE = .01, p = .004, ηp
2
 = .09, phase x trial type, F(3, 
135) = 22.91, MSE = .01, p < .001, ηp
2
 = .34. Restudy condition: Phase, F(1, 45) = 
43.71, MSE = .02, p < .001, ηp
2
 = .50; trial type, F(3, 135) = 5.59, MSE = .01, p = 
.001, ηp
2
 = .12, phase x trial type, F(3, 135) =16.42, MSE = .01, p < .001, ηp
2
 = .28. 
Baseline condition: Phase, F(1, 54) = 161.39, MSE = .02, p < .001, ηp
2
 = .75; trial 
type, F(3, 135) = 10.10, MSE = .01, p < .001, ηp
2
 = .16, phase x trial type, F(3, 135) = 
8.16, MSE = .01, p < .001, ηp
2
 = .13. 
3
 Exemplar switch: Phase, F(1, 45) = 8.89, MSE = .03, p = .005, ηp
2
= .17; phase x 
position of target during phase 1 and 2, F(1, 45) = 11.25, MSE = .02, p = .002, ηp
2
= 
.20. State old: Phase, F(1, 45) = 24.64, MSE = .01, p < .001, ηp
2
= .35; phase x position 
of target during phase 1 and 2, F(1, 45) = 11.08, MSE = .02, p = .002, ηp
2
= .20. State 
switch: Phase, F(1, 45) = 30.93, MSE = .02, p < .001, ηp
2
= .41; phase x position of 
target during phase 1 and 2, F(1, 45) = 4.41, MSE = .02, p = .041, ηp
2
= .09. 
 
